We localized heparan sulfate proteoglycan (HSPG) in the basement membranes of ciliary epithelium and plantar epidermis, using Cuprolinic blue to stain its side chains and an immunogold procedure to detect its core protein. In accord with most of the literature, staining with Cuprolinic blue in glutaraldehyde ftvtive yielded three to five times as many reaction products along the two surfaces than along the center of the lamina densa, whereas immunogold labeling for the core protein after formaldehyde fixation yielded about twice as m a n y gold partides over the center than along the surfaces of the lamina densa. It therefore appeared that HSPG side chains predominated outside, and the core protein within, the lamina densa. To fmd out whether the &crepancy was true or was an artifact caused by differences in processing, we attempted to combine the two approaches on the same material. This was found possible when Cuprolinic blue was used in formaldehyde fmtive, embedding was in LR White, and immunogold labeling was performed on thin sections as usual. Under these conditions, both Cupro-
Introduction
Early studies on basement membrane proteoglycans took advantage of the ability of their glycosaminoglycan side chains to react with cationic dyes. Thus, proteoglycans were detected by Alcian blue as 5-nm wide "fibrils" on both surfaces of the lamina densa in the embryonic comea basement membrane (43). With ruthenium red, proteoglycans precipitated as roundish particles (11,31,43) which, in the rat glomerular basement membrane, were localized to the laminae rarae (lucidae) on both surfaces of the lamina densa (9,21). With another cationic dye, Cuprolinic blue, believed to stain proteoglycan in an extended state (36,37), the reaction product was described in guinea pig lateral prostate as "filaments" localized on both sides of the lamina densa (1). In the meantime, the main pro-' Supported by grants from NIH (DEO5690) and The Medical Research * Correspondence to: Dr. S. Inoue link blue reaction products and immunogold partides predominated over the lamina densa in the two basement membranes under study. Moreover, evidence was present that reaction products and immunogold partides either overlapped each other or were closely associated. The lens capsule (a thick basement membrane) also showed their co-localization. The discrepancy initially observed between side chains and core protein location was attributed to differences in processing, since Cuprolinic blue staining had been carried out in the course of glutaraldehyde fmuon whereas immunogold labeling was done after formaldehyde fixation. The results lead to two condusions. Fitst, processing diffkrences may alter the localization of HSPG and possibly other proteoglycans. Second, both HSPG side chains and core protein are localized in the same sites within basement membrane. teoglycan in basement membrane had been identified as heparan sulfate proteoglycan (HSPG) (13,42). Since the side chains of this proteoglycan could be eliminated by treatment with nitrous acid (4) or heparitinase (30), these reagents were applied before Cuprolinic blue staining and no "filaments" appeared in the basement membrane (2,46). It was concluded that cationic dyes localized HSPG-reactive side chains on both sides of the lamina densa.
When the immunohistochemical approach was used to localize antibodies against the core protein of HSPG by electron microscopy (EM), two groups working on the glomerular basement membrane (16,39) claimed that the HSPG core protein was, like the side chains, localized on both sides of the lamina densa. However, experience on a variety of basement membranes in another laboratory (17) as well as in ours, using immunoperoxidase (24-26) or gold immunolabeling (10). was that most of the HSPG core protein epitopes were located in the lamina densa.
The discrepancy observed by us and others between the localization of HSPG side chains mainly outside the lamina densa and of the HSPG core protein mainly within this lamina could be ei-ther real or due to artifacts occurring during histological processing. The problem was examined in the mouse using the basement membranes of ciliary epithelium and foot pad epidermis and, for comparison, a thick basement membrane, the lens capsule. Because of the controversy on the localization of the HSPG core protein, the first step was to repeat past experiments; in addition, the results were quantitated in the ciliary epithelium basement membrane. The previous conclusions were thus confirmed. Second, to minimize the influence of artifacts it was decided to carry out the Cuprolinic blue staining and immunogold labeling on the same sections of basement membrane. Both HSPG core protein and side chains were thus found to predominate in the lamina densa. Measurement of the distance between immunogold particles and the nearest Cuprolinic blue reaction product in ciliary epithelium and epidermis basement membranes, as well as in the lens capsule, indicated that HSPG side chains and core protein were co-localized.
Materials and Methods

Quantitation of Cuprolinic Blue Staining and Gold Immunolabeling for HSPG
Cuprolinic Blue Staining. The eyes and foot pad pieces were obtained from 3-week-old male C57BL mice and were placed for 30 min at 4'C in a solution of 2.5% glutaraldehyde in 0.025 M sodium acetate buffer, pH 5.6, containing 0.3 M MgC12. The anterior half of the eye, including lens and ciliary body, was cut out and the foot pad tissues were trimmed into l-mm3 cubes. Both tissues were stained with Cuprolinic blue by Scott's (37) critical electrolyte concentration method as follows. They were placed in a 2.5 % solution of glutaraldehyde in 0.025 M sodium acetate buffer to which had been added 0.2% Cuprolinic blue (BDH Chemicals; Poole, UK) and 0.3 M MgC12, pH 5.6. They were kept in this solution overnight at room temperature and then washed for 30 min in three changes of 0.025 M sodium acetate buffer containing 0.3 M MgC12, pH 5.6. They were then immersed in a 1% aqueous solution of sodium tungstate for 30 min, followed by an additional 30 min in 1% sodium tungstate in 50% ethanol. The tissues were dehydrated in graded ethanol and embedded in Epon. Thin sections were routinely stained with uranyl-lead, and the Cuprolinic blue reaction products, hereafter referred to as "prisms" because of their shape, were localized using a Philips EM 400 or Jeol JEM 2000 FX at 80 kV.
To remove the heparan sulfate side chains before Cuprolinic blue staining, eyeball and foot pad pieces were first exposed to heparitinase from Flavobacterium heparhum (Sigma; St Louis, MO) or nitrous acid (2). The heparitinase was dissolved (5 Ulml) in 0.1 M sodium acetate buffer, pH 7.0, containing 0.15 M NaCl and protease inhibitors (5 mM benzamidine-HCI and 0.1 M 6-amino-n-caproic acid (Sigma). The fresh tissues were placed in this solution at 37'C for 3 hr. For the nitrous acid treatment, the tissues were pre-fixed in 2.5% glutaraldehyde in 0.025 M sodium acetate buffer, pH 5.6, for 2 hr at 4'C and then incubated for 2, 3, or 16 hr at 4'C in nitrous acid, freshly prepared by mixing equal volumes of 5% sodium nitrite and 33% acetic acid, and containing protease inhibitors. After heparitinase or nitrous acid treatment, the tissues were washed for 15 min in 0.025 M sodium acetate buffer containing 0.3 M MgC12 and protease inhibitors and then fixed in Scott's glutaraldehyde-Cuprolinic blue mixture, followed by the sequence described above. Control tissues were incubated in 0.1 M acetate buffer containing 0.3 M MgCh and protease inhibitors.
Gold Immunolabeling. The antibodies to HSPG core protein used initially were provided by Dr. John Hassell. They had been purified by pass-ing through a column containing HSPG core protein coupled to Sepharose CL4B (28) and their specificity was established by immunoprecipitation of the core protein identified as a 400,000 M, band in supernatants of cultured EHS tumor cells (28). Initial antisera reacted strongly with HSPG by the ELISA assay and with laminin to a lesser extent. Therefore, the antibodies were further purified by passage through a column of laminin coupled to Sepharose to remove the antibodies to laminin. The effluent was then passed through a column of Sepharose carrying a proteoglycan fraction (BM-l), followed by elution of the antibodies, which showed a strong reaction with HSPG and none with either laminin, Type IV collagen, or cartilage proteoglycan (13,27). The antibodies used later were prepared by Mr. Tom Shima according to Dr. Hassell's method. They were tested in a dot-blot assay in which they showed a strong immunoreactivity to HSPG but none to laminin or Type IV collagen (38) . The gold immunolabeling was carried out on the eyeballs and foot pads of 3-week-old male Swiss albino CD1 mice after fixation for 4 hr at 4'C in 4% formaldehyde in 0.088 M phosphate buffer containing 2% sucrose, pH 6.0. The tissueswere washed overnight at 4°C in 0.1 M phosphate buffer containing 4% sucrose. They were then dehydrated in graded methanols up to 90% and embedded in Lowicryl K4M at -35% (10). Thin Lowicryl sections were mounted on Formvar-coated nickel grids, which were first floated over 1% bovine serum albumin in 0.01 M Dulbecco's PBS for 5 min and then over rabbit antibodies to HSPG core protein, which had been diluted at 1:100 for 1 hr at room temperature. The grids were then floated over three 5-min changes in each of the following: 0.01 M Dulbecco's PBS. 1% bovine serum albumin in PBS, and 0.05 M Tris-HCI. The grids were finally floated over goat anti-rabbit antibodies conjugated to 15-nm gold particles (Auroprobe EM GAR (3-15; Jenssen, Antwerp, Belgium) or to 8-nm gold particles (supplied by Dr. M. Zollinger, Department of Biochemistry, University of Montreal), both at 1:15 dilution in 0.05 M Tris-HC1, pH 7.6, for 1 hr. The grids were washed with Tris-HC1 and double-distilled water. The sections were then counterstained with uranyl acetate and lead citrate. In the hope of exposing more of the antigenic sites of the HSPG core protein, an attempt was made to remove the heparan sulfate chains by treatment of some of the sections with heparitinase. The grids carrying these sections were put over droplets of a Flavobacterim hepanhum heparitinase (10 Ulml) (Siekagaku Kogyo; Tokyo, Japan) in 0.1 M sodium acetate and 0.15 M NaCI, pH 7.0, at room temperature for 1 hr before immunolabeling as above.
Quantitation. The distribution of Cuprolinic blue prisms and immunogold particles over the basement membrane of the ciliary epithelium was quantified on micrographs taken at x 34,000 and printed around x 300,000, using regions in which the section was cut perpendicularly to the lamina densa. In every print the two surfaces of the lamina densa were outlined by a solid line so as to delimit the following layers below the ciliary epithelium: lamina lucida, lamina densa, and stroma of the posterior chamber of the eye, as shown on the left of Figure 1 . Two dotted lines were then drawn at a distance of 10 nm on both sides of each solid line. Thus, four sublayers were delimited, that is, from outside in: (a) "distal lucida," including a substantial part of the lamina lucida; (b) "distal border," composed of part of the lamina lucida and the distal edge of the lamina densa; (c) "central densa," made up of the bulk of the lamina densa; and (d) "proximal border," composed of the proximal edge of the lamina densa and part of the stroma (Figure 1 ).
For the counts, the center of each Cuprolinic blue prism or immunogold particle was assigned to one of the four sublayers. Moreover, the area of every sublayer used for counting was measured by means of a MOP (manually operating planimeter) digitizing device (Zeiss) so that the number of Cuprolinic blue prisms or gold particles could be expressed per unit area. Ten micrographs from different negatives were used for each series of counts. In the case of immunogold labeling, one set of counts was carried out on ten sections pre-treated with heparitinase and another on ten untreated sections. 
Combination of Cuprolinic Blue Staining and Gold Immunolabeling for HSPG
Preliminary Tests. Since sodium tungstate could inhibit the antigenicity of the HSPG core protein, the first test was designed to find out if Cuprolinic blue prisms were detected when the fixation in either Cuprolinic bluecontaining glutaraldehyde or formaldehyde was not followed by en bloc staining in 1% sodium tungstate.
The next tests were to find out whether glutaraldehyde could be replaced by formaldehyde as a fixative for Cuprolinic blue staining. The tissues were fixed in 2.5% formaldehyde in 0.025 M sodium acetate buffer containing 0.2% Cuprolinic blue and 0.3 M MgCIz, pH 5 . 6 They were processed as after glutaraldehyde fixation and embedded in Epon, Lowicryl K4M, or LR White. With Lowicryl K4M. the polymerization produced by uv light was poor, probably because the blue dye hindered the access of t h e w light to the resin. With LR White, whose polymerization was obtained by 50°C heat, the results were adequate.
Other tests were done to find out if HSPG antigenicity could be detected by gold immunolabcling when Cuprolinic blue-formaldehyde-fixed tissues were embedded in LR White.
Final Procedure. Cuprolinic blue staining and immunogold labeling were combined as follows. The tissues under study were fixed in 4% formaldehyde in 0.025 M sodium acetate buffer containing 0.2% Cuprolinic blue and 0.3 M MgCIZ. pH 5.6. for 4 hr at room temperature, and then washed overnight at 4°C in the same buffer containing 0.3 M MgC12. The tissues, without en bloc staining with sodium tungstate. were dehydrated in graded ethanols up to 90% and embedded in LR White at 50°C for 24 hr (33) . Thin sections were used for immunogold labeling, as described above.
Test of the Association of Immunogold Particles with Cuprolinic Blue Prisms. To detect HSPG core protein by gold immunolabeling, the sections had been successively exposed to rabbit antibodies against this protein and to gold-conjugated goat anti-rabbit antibodies. Since antibodies were known to be about 15 nm long (18,45). the combined length of the two used for immunolabeling could be as much as 30 nm. It was therefore presumed that in the EM grids under study the distance between each gold particle and the epitope responsible for it ranged from 0 to 30 nm. Since Cuprolinic blue prisms were known to form in the site occupied by the side chains of a HSPG molecule (36) . we decided to measure whether gold particles were within 30 nm of the nearest prism. The distance was measured from the center of each gold particle to the edge of the closest Cuprolink blue'prism, using micrographs of basement membrane printed at x 330,000 for the ciliary epithelium, x 91,000 for the foot pad epidermis, and x 170.000 for the lens. The distance was taken to be zero when the particle overlay the prism. For control, circular dots of the same size as the gold particles at the magnification used were drawn on a plastic transparent sheet. The sheet was then randomly placed over the micrographs and the distance between the center of each dot and the edge of the closest Cuprolinic blue prism was recorded. The chi-square test was then used to compare the number of experimental immunogold particles and control random dots found within 1s or 30 n m from the nearest Cuprolinic blue prisms.
In either case, the gold particle density over the central densa exceeded that over the other sublayen of the basement membranes.
Results
Thus, central densa counts were 1.4-2.3 times greater than distal and proximal border counts, and 3.2-4.4 times greater than distal lucida counts (Tables 2 and 3 ). However, formaldehyde fixation caused some decrease in the thickness of the lamina lucida, so that the low level of the distal lucida counts may be partly due to this decrease and are therefore less meaningful than the counts on the Quantitative Confirmation Of Membrane Studies on Cuprolinic Blue Staining Basement and Gold ImmunoZabeling for HSPG other layers.
Cuprolinic Blue Staining. In the basement membrane of epidermis ( Figure 2 ) and ciliary epithelium ( Figure 3 ) fived in Cuprolinic blue containing glutaraldehyde, the reaction products appeared in the form of elongated, 8-12-nm wide "prisms," which predominated along the two surfaces of the lamina densa and thus extended into the lamina lucida on one side and into the stroma on the other side. Counts in the four sublayers of the ciliary epithelium basement membrane ( Table 1) indicated that prisms were present in all, but their distribution density was three to five times greater at the distal and proximal borders than in the central densa.
When the ciliary epithelium was treated with heparitinase before being placed in the Cuprolinic blue-glutaraldehyde fixative, prisms were not seen in the basement membrane, except for a few dense ones at the interface between lamina densa and stroma (Figure 4) . A similar result was obtained after nitrous acid digestion (not shown).
Immunogold Labeling. When the two basement membranes were immunolabeled for the HSPG core protein after formaldehyde fixation, gold particles predominated over the lamina densa (Figure 5 ) . When grid-mounted sections were exposed to heparitinase before immunolabeling, gold particles were markedly increased in number but again predominated over the lamina densa ( Figure 6 ). The gold particle counts on the ciliary epithelium basement membrane were lower in the absence of heparitinase treatment of the sections (Table 2 ) than after such treatment ( Table 3) .
Combination of Cuprohic Blue Staining and Gold
ImmunolabeZing for HSPG Preliminary Tests, Processing the tissues without using sodium tungstate after fixation in Cuprolinic blue-containing glutaraldehyde yielded prisms that were pale (Figure 7) but whose number, size, and localization along the surfaces of the lamina densa were the same as after post-staining in sodium tungstate (Figures 2 and 3 ).
Since fixation in formaldehyde but not in glutaraldehyde is suitable for HSPG immunolabeling, tests designed to find out if basement membranes can be studied with Cuprolinic blue in a formaldehyde fixative were carried out after embedding in Epon or LR White. Many Cuprolinic blue prisms were then observed in the basement membrane of foot pad epidermis ( Figure 8 ) and ciliary epithelium (Figure 9 ). Moreover, most of the prisms were over the lamina densa itself (Figures 8 and 9 ).
Finally, preliminary tests revealed that formaldehyde-fixed, LR White embedded sections can be gold-immunolabeled for HSPG (not shown).
Combined Procedure. Using formaldehyde fixation for Cuprolink blue staining without en bloc staining in 1% sodium tungstate, embedding in LR White, and exposing the sections to gold immunolabeling for HSPG, weakly stained prisms as well as gold particles were located on the basement membranes (Figures 10 and Section from tissue exposed to heparitinase before fixation to remove HSPG side chains. The stained Cuprolinic blue prisms depicted in Figure 3 are not seen in this figure and are therefore attributed to HSPG side chains. However, an occasional dark prism is observed on the stromal side of the lamina densa (arrowheads). Nearby zonular fibers are also associated with dark prisms (arrows). Such prisms are attributed to proteoglycans other than HSPG. Original magnification x 113.600. Bar = 100 nm. 11). Both the numerous prisms and the less numerous gold particles predominated over the lamina densa. Counts (Table 4) confirmed that the density of both was maximal over the central densa; the difference with the other layers was significant, except for the proximal border. However, the gold particles and prisms found along the proximal border were almost all over the lamina densa itself rather than over the stroma (Figures 10 and 11) .
A few of the immunogold particles overlay a Cuprolinic blue prism, whereas those that did not were generally close to a prism. To check on this observation, the distance between each particle and the nearest prism was measured and compared with the distance between random dots and the nearest prism. The results on the ciliary body basement membrane (Table 5 ) showed that 90°h of the gold particles were within 15 nm and 99% within 30 nm of a Cuprolinic blue prism, whereas only 42% and 61% of the control dots were within 15 and 30 nm of a prism, respectively. The chi-square test indicated that the sets of gold particles and the control data differed in a highly significant manner. Similar results were obtained on the plantar epidermis basement membrane, with 80% of the gold particles within 15 nm and 95% within 30 nm of the In this and following tablcs. counts wcrc carricd out in four subdivisions of thc bascmcnt mcmbranc. as indicated in Figurc 1 . n, number of micrographs in which reaction products were counted.
A total of > i 9 Cuprolinic blue prisms was counted.
By analysis of variancc. the prism dcnsity was significantly less in the central dcnsa than in thc thrcc othcr regions (p<O.OOl).
nearest prism, in contrast to 22% and 54%, respectively, for the control dots (Table 5 ) . Again, the difference was highly significant by the chi-square test. We concluded that the association between gold particles and Cuprolinic blue prisms is not a random artifact but a true phenomenon.
Comparison with Lens Cupsuk
The use of Cuprolinic blue in glutaraldehyde fixative followed by Epon embedding showed prisms uniformly distributed through the lens capsule ( Figure 12) . whereas none were observed after exposure of the sections to heparitinase (Figure 13 ). When zonular fibers were present in the sections exposed to heparitinase, they exhibited dark reaction products (Figure 13 ).
Immunolabeling for HSPG core protein after formaldehyde fix-
.. . Figure 6 . The section had been exposed to heparitinase before immunolabeling. Gold particles are more numerous than in Figure 5 and, again, are mainly localized over the lamina densa. When Cuprolinic blue-formaldehyde-fixed material was embedded in LR White and sections were gold-immunolabeled for HSPG core protein without heparitinase treatment, gold particles and prisms were found on the lens capsule ( Figure 16 ). Gold particles often overlay a prism. Measurement of the distance between each particle and the nearest prism (Table 5 ) indicated that 71% of gold particles were within 15 nm and 97% were within 30 nm of a prism, whereas 34% control random dots were within 15 nm and 65% were within 30 nm of a prism.
Table 2 . Gold immunolabeling with anti-HSPG core protein antibodies on the ciliary epithelium basement membrane afer formaldeh-yde fixation and Lowicryl embeddinz, in the absence
A total of 201 gold particles was counted By analysis of variance. the particle density was significantly greater in the ccntral densa than in the distal lucida. distal border (p<O.OOl). and proximal border (p = 0.01).
ation showed gold particles throughout the lens capsule in sections that had not been exposed to heparitinase (Figure 14) , but an increased number of particles were seen in the sections treated with the enzyme (Figure 15 ).
Discussion
Quantitative Localization of Basement Membrane Proteoglycan by Cuprolinic Blue Staining and Immunohistochemistry
The presence of heparan sulfate proteoglycan has been reported 2.3,5,7,10.12-l5,20-22.24-26,29.39,44,46) . The only exception was the basement membrane surrounding spongiotrophoblasts in the rat placenta which, possibly as a result of the lack of HSPG, appeared discontinuous (23).
Chondroitin sulfate proteoglycan was also found in some basement  membranes (19,32) . Although proteoglycans could be lost in the course of histolog- ical processing (8,40,41) , such loss was prevented by the use of fixatives containing Cuprolinic blue at the critical electrolyte concentration recommended by Scott (37). The dye reacted with the anionic groups in the proteoglycan side chains (36). In the basement membrane of ciliary epithelium and plantar epidermis, the reaction products appear in the form of elongated prisms (Figures 2 and 3) , similar to the monoclinic crystals of a Cuprolinic blue-related substance, phthalocyanine (35). When the tissues had been exposed to heparitinase or nitrous acid, two procedures that specifically removed HSPG side chains (4,30) , and then stained with Cuprolinic blue, prisms were generally absent from basement membranes, in accord with previous findings on the prostate (2). Each prism was attributed to the presence of one or more molecules bearing HSPG side chains. However, a few reaction products persisted after heparitinase or nitrous acid treatment, but they were restricted to the stroma side of the lamina densa (Figure 4) and they usually appeared darker and less regular in shape than the prisms attributed to HSPG side chains. Similarly, whereas regularly shaped Cuprolinic blue prisms were present throughout the lens capsule (Figure 12) . none were observed after prior treatment of the tissue with heparitinase or nitrous acid (Figure 13) , but then dark, irregular reaction products were associated with nearby zonular fibers (Figure 13) . In the lens capsule, as in the ciliary basement membrane, these reaction products were attributed to the presence of proteoglycan other than HSPG, possibly the chondroitin sulfate proteoglycan which had been reported in some basement mem branes (19,32) .
The Cuprolinic blue prisms attributed to HSPG side chains predominated along the two surfaces of the lamina densa (Figures  2 and 3; Table I) , as previously observed in other sites (1). A similar localization was obtained with ruthenium red (20.21; and unpub-Figures 10 and 11. Combined Cuprolinic blue staining and immunogold labeling for HSPG core protein on basement membranes. The Cuprolinic blue was used in formaldehyde fixative and the tissues were embedded in LR White. The Cuprolinic blue prisms were not counterstained with sodium tungstate and therefore appear pale; in particular, they are less conspicuous when they are within the lamina densa. The gold immunolabeling for HSPG core protein was done without heparitinase treatment. Original magnification x 141.000. L, lamina lucida; D, lamina densa. Bars = 100 nm. lished observations). In contrast, after exposure of basement membranes to antibodies against the HSPG core protein followed by gold immunolabeling, gold particles were mainly located over the lamina densa (Figures 5 and 6; 'Ikbles 3 and 4) , in accord with most previous immunoperoxidase results (17,24-26) . Thus, comparison of cationic dye and immunogold results suggested that the HSPG side chains were mainly located along the two surfaces of the lamina densa, whereas the core protein epitopes were mainly within the lamina densa.
Distrihtion of Cuprolinic blue prisms and gold immunokzbeling with anti-HSPG core antibodies in the cdiaty epithelium basement membrane (after fiation in
Two groups have claimed that the HSPG core protein in the glomerular basement membrane was, like the side chains, localized in the internal and external lamina rara (referred to in the present article as lucida). The illustrations provided by the group of Hiramatsu et al. (16) convincingly showed the deposition of the cationic dye polyethyleneimine in the two laminae lucidae. However, the immunoperoxidase reaction for the core protein did not clearly predominate on the laminae lucidae but could be on the adjacent plasmalemmae. Farquhar and collaborators had demonstrated earlier the deposition of cationic dyes in the two laminae lucidae and explained it by the presence of HSPG side chains (9). These authors also claimed that immunohistochemical reactions for the HSPG core protein occurred at the same sites (39). In the last publication, however, the only figure that clearly showed an immunoperoxidase reaction in the two laminae lucidae (their Figure 8 ) was obtained after intravenous injection of anti-HSPG IgG. After the usual tests with rabbit anti-HSPG antibodies followed by peroxidase-conjugated sheep anti-rabbit antibodies, the reactions could be localized either in the three layers (their Figure 5 ) or mainly in the lamina lucida interna (their Figure 6) , whereas Laurie et al. (25), using a similar approach, observed a strong reaction over the lamina densa, lesser reactions over the two laminae lucidae, and an artifactual reaction over the adjacent plasmalemmae (attributed to diffusion of the diaminobenzidine reagent used to localize peroxidase) (6.34). Furthermore, the group (39) using gold hmunolabeling depicted more gold particles over the two laminae lucidae than over the lamina densa (their Figure 7) . However, when a similar approach was followed by counts of gold particles, 45% were recorded over the lamina densa, while 17 and 37%, respectively, were over the lamina lucida externa and interna (10). These results indicated that although some HSPG core protein was present in the three layers, the largest proportion was in the lamina densa. Hence, in the glomerular basement membrane, as in the others, the localization of HSPG side chains by cationic dyes to the lamina lucidae was in contrast to the predominance of HSPG core protein in the lamina densa. 
Combined Use of Cuprolinic Blue and Immunogold on the Same Basement Membrane
Was the discrepancy real? Or, since Cuprolinic blue staining was done in glutaraldehyde fixative followed by Epon embedding, whereas immunogold labeling was carried out after formaldehyde fixation and Lowicryl embedding, was the discrepancy due to differences in processing? To eliminate such differences, the cationic dye staining and the immunolabeling had to be used under the same conditions of fixation and embedding, i.e., on the same material. In preliminary tests, it was found possible to perform the Scott's (37) procedure for proteoglycan preservation after fixation in Cuprolinic blue containing formaldehyde instead of glutaraldehyde. Whether the formaldehyde-fixed tissues were embedded in Epon or in LR White, there was a drastic change in the distribution of the Cuprolinic blue prisms, since they did not predominate along the two surfaces of the lamina densa but instead were mainly over the lamina densa itself (Figures 8 and 9 ). Moreover, after LR White embedding, the immunoreactivity of the sections to anti-HSPG core protein antibodies was retained. When Cuprolinic blue staining and immunogold labeling were combined on LR White sections of ciliary epithelium and epidermal basement membrane, the vast majority of prisms and gold particles were localized in the lamina densa ( Figures 10 and 11) . Quantitation confirmed the predominance of both in the central densa (Table 5 ). Counts were not significantly different along the proximal border, but in this sublayer particles and prisms were mainly over the lamina densa itself rather than over the stroma (Figures 10 and 11) . Hence, the lamina densa was the major site of deposition of both gold particles and prisms.
Two conclusions were reached. First, in the three basement membranes under study (lens, ciliary epithelium, and epidermis), 95-99% of the immunogold particles either overlay a Cuprolinic blue prism or were within 30 nm of one (Table 5 ). Since antibodies such as those used for immunolabeling were known to measure about 15 nm each (18,45), 30 nm was the maximum distance between an antibody-attached gold particle and the epitope responsible for.it. Moreover, since a Cuprolinic blue prism arose when .the dye combined with the side chains of a HSPG molecule and thus formed with them a complex in which the original extended form of the molecule was preserved (36) . the distance from a gold particle to the nearest prism was the same as the distance to the HSPG molecule. We concluded that each gold particle elicited by a HSPG core protein was close enough to a prism to arise from the same molecule as the prism itself. In other words, the side chains and core protein of a HSPG molecule were co-localized.
Our second conclusion had to do with the difference in the localization of Cuprolinic blue prisms and gold particles observed in the early experiments. When Cuprolinic blue staining was carried out in glutaraldehyde fixative, prisms appeared mainly outside the lamina densa (Figures 2 and 3) , whereas after staining with the dye in formaldehyde fixative prisms appeared mainly over the lamina densa (Figures 8 and 9) , as did immunogold particles (Figures  5 and 6) . These results did not establish whether the localization of HSPG under living conditions was mainly within the lamina densa or along the surfaces of this lamina. However, recent unpublished studies on cryofixed basement membranes indicated that the pattern observed after formaldehyde fixation was close to reality, so that HSPG would be located within the lamina densa. From the results reported here, we could only conclude that the different distributions observed after glutaraldehyde and formaldehyde fixation demonstrate that histological processing can markedly alter the localization of HSPG.
